
Final report for 'Modeling studies of the effects of winds and heat flux on the tropical

oceans _, NAGW-916, R. Seager, PI.

Over a decade ago, funditg from this NASA grant supported the development of the Cane-

Zebiak ENSO prediction model which remains in use to this day. It also supported our work

developing schemes for modeling the air-sea heat flux in ocean models used for studying climate

variability. We introduced a succession of simple boundary layer models that allow the fluxes to

be computed internally in the mcdel and avoid the need to specify the atmospheric thermodynamic

state. These models have now reached a level of generality that allows modeling of the global, rather

than just tropical, ocean, including sea ice cover. The most recent versions of these boundary layer

models have been widely distributed around the world and are in use by many ocean modeling

groups.

1. Development of ocean models designed for modeling and understanding air-sea

interaction and climate variability

In recent years we have completed several studies aimed at understanding how surface fluxes of

heat and momentum influence tl_e climate and variability of the global ocean. We have used the

Lamont ocean general circulation model (a state-of-the-art GCM) coupled to a simple model of

the atmospheric mixed layer. Ir this experimental set-up the air temperature and air humidity

are computed alongside the sea ,mrface temperature and the other ocean properties. This allows

the surface fluxes to be determined internally and bypasses the constraints on the model SST that

would be imposed by using observed air temperatures and humidities in the flux calculation. Our

arrangement is ideal for simulations of forced ocean climate variability. Satellite-derived estimates

of clouds, solar radiation and wi:nds provide the forcing for the model. Indeed, our progress was

made possible by the significantly more accurate estimates of surface fluxes providcd by the remote

sensing data. It is fair to describe our modeling efforts as a means to translate satellite derived data

into estimates of upper ocean states and of ocean-atmosphere exchanges.

2. Modeling of the tropical oceans

We began with simulations of the climatologies of all three tropical oceans. We found that introduc-

tion of the advective atmospheric mixed layer model led to significant improvements over previous

models that used a one dimensional model to compute the air temperature and humidity and, hence,

the surface fluxes. Advection and horizontal mixing of heat and moisture in the atmosphere play

an important role in determining how the atmospheric and oceanic boundary layers equilibrate to

each other. Advection of dry air off west Africa was found to play an important role in determining

the SSTs of the subtropical North Atlantic. Air-sea coupling extends the influence of the African

continent far westward of what would be expected on the basis of atmospheric flow over a fixed

ocean. Continuing our studies of tropical oceans we examined how greenhouse forcing would be

expected to influence the tropical Pacific Ocean.

3. The tropical oceans and long long term climate change

Building on our work aimed at understanding the dynamics and thermodynamics of the tropical

oceans, we demonstrated the conditions under which coupled equatorial dynamics, in concert with



the SSTand the surfacefluxes,couldleadto a delay,and possiblereduction,of global warming.
This involvesapredictedincreasein therateof meridionaloverturningof thewinddrivencirculation
abovethethermoclinethat puml:.Sheatinto thethermoclineregionwhereit can remainfor several
decadesbeforeresurfacing.Sonmevidencewasfoundthat this theoryagreeswith the observed
recordof tropicalPacificSSTcbJmgesoverthetwentiethcentury.

This work led usto a moretheoreticalinvestigationof howchangesof tropicaloceanheat
transportscouldcauseor influenceclimatechange.We foundthat changingthe meridionalheat
transport of thetropicaloceanscouldcausesignificantchangesin tropicalmeantemperaturesbut
only via feedbacksinvolvingtheconvectingatmosphericboundarylayer,low cloudcoverand the
atmosphericwatervaporgreenhousetrapping. Wehopeto test theseideasin a full GCM and in
satelliteretrievalsof cloudsandwatervaporasthedatabecomesavailable.

Building on our examinationof how coupledequatorialdynamicsare involvedin the cli-
mate responseto greenhousewarming,wehaveexaminedhow the tropical Pacificand the E1
Nifio-SouthernOscillation(ENSO)respondsto changesin the Earth'sorbit overthe last glacial-
interglacialcycle. We haveshownthat orbital changes,by altering the seasonalcycleof solar
radiation,leadto a powerfulresponsein theENSObehavior.Weareexamininghowthesechanges
wouldimpacttheglobalclimate.This ispioneeringworkin climateresearchin that tropicalair-sea
interactionhasnot previouslybeenthoughtto play anactiverolein Quaternaryclimatechange.

4. Understanding decadal variability of the Atlantic and North Pacific Oceans

Our most recent work on surface fluxes and air-sea coupling has involved a long simulation of

Atlantic Ocean climate variability. We have found that changes in the atmospheric circulation are

almost entirely responsible for tlm observed climate change via their impact on the surface heat

fluxes. This is true for interannttal variability as well as for decadal variability and is true in the

tropical Atlantic as well as in the North Atlantic. Changes in ocean heat transport associated with
anomalous Ekman drifts enhance the SST variability in the North Atlantic while advection of the

anomalous SSTs by the mean circulation damps the SST changes in the tropics. The role of the

ocean in North Atlantic climate w_riability appears to be passive. In the tropical Atlantic, while the

ocean's role is dominated by advection by the mean currents, this may nonetheless be essential in

maintaining decadal variability. This remains under investigation.
Climate variability of the North Pacific Ocean is similar to that of the North Atlantic. The

SST variability can be understood in terms of atmospheric forcing by surface fluxes and anomalous
Ekman drifts. This is true on in';erannual and decadal timescales and also for that portion of the

variability that is independent of ENSO. As in the North Atlantic the role of the ocean appears to

be passive.

5. Modeling of coupling between atmospheric storms, fluxes, SST and thermocline

structure.

Currently we are examining the impact that atmospheric synoptic eddies and deep and shallow
convection have on the surface fluxes and oceanic structure over the wintertime mid-latitude oceans.

A storm parameterization has bec_n incorporated into our AML model. Storms greatly enhance the
wintertime surface fluxes and cool the SSTs. As a result winter mixed layers are deeper and the

properties of waters transfered inl;o the thermocline are altered. Indeed, storms appear responsible



for creationof themodewaters.

6. Graduate students trained

This NASA award supported a graduate student, Amy Clement, who was awarded her Ph.D in 1999.

It was awarded with a Distincticn which is only the second time in the history of our department

that such an award has been made.

7. Conclusions

Development of satellite radiation data sets has enable us to develop ocean models coupled to simple

atmospheric boundary layer models that are highly useful in analyzing how SSTs have varied over
the last several decades. As a re_mlt of the work we have performed we have developed a working

hypothesis oh how global climate variability works. We believe that variability divides into tropical

modes which are definitely coupled (the Pacific) and quite possibly coupled. (the Atlantic) and mid-

latitudes modes that are atmospheric forced and in which the ocean is passive and merely acts

to redden the spectrum of variability. The mid-latitude modes combine purely internal variability

and the atmospheric response to tropical forcing. This suggests that it will be possible to build

an efficient global ocean model for studying climate variability, other than that associated with the

thermohaline circulation, that involves complete dynamics in the tropical Pacific but only Ekman

flows (mean plus anomalous) elsewhere. Such a model is under construction and, coupled to an

atmospheric GCM, will be a usefal tool in climate modeling.
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